INTRODUCTION
One of the greatest challenges to maize breeders is the obtainment of a hybrid with high mean yield and the widest possible adaptation to the various environments so that the maize hybrids can be produced on large scale, lowering the production costs of the basic material and making it more accessible to producers. In the initial assessment, maize hybrids are tested in relatively few environments, and interaction can interfere in the performance results leading to errors in selection where promising materials are discarded because of the lack of a more careful analysis of the data obtained. The relative performance of the genotypes can be altered with changes in the environments and these different responses are due to the genotype-environment interactions (GE) because there are environments that are either more or less favorable to certain genotypes. 
ABSTRACT
The genotype-environment interaction is generally recognized when the same genotype is assessed in different environments, having a decisive influence in cultivar recommendation. Maize hybrids that are only adapted to particular environments can become a limiting factor to seed production in large scale. One of the main objectives of breeders is the obtainment of a hybrid with high mean yield and good adaptation to different environments. The present study assessed the grain yield stability in thirty-six maize genotypes in ten environments located in Central Brazil in the 1999/2000 growing season. The analysis of variance (ANOVA) detected significance (P<0.01) for the genotype-environment interaction (GE). The AMMI model (additive main effects and multiplicative interaction) was used to assess the additive and multiplicative effects of the interaction. The results indicated homogeneity of environments assessed and high correlation of the hybrid genetic constitution with the yield stability of the three types studied -single, triple and double crosses maize hybrids. The first multiplicative component of the interaction explained more than half (50.6%) of the original sum of squares (SS GE ). Most of the environments were neutral in their contribution to the interaction. The Uberlândia environment contributed positively, while the environment in Patos de Minas contributed negatively to the GE interaction. Most of the genotypes also presented a low contribution to interaction. Some single crosses hybrids presented greater mean yield (10182.0 kg.ha -1 ) while the double crosses hybrids presented greater stability to the environments studied.
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Zea mayz, genotype-environment interaction, ammi model. methods to interpret genotype stability are based on regression analyses (such as Finlay and Wilkinson, 1963; Eberhart and Russell, 1966; Silva and Barreto, 1985; Cruz et al., 1989; Brazil, 1990) . Agronomic zoning is used to stratify environments in sub-regions within which the interactions are not significant (Brasil, 1990; Duarte and Zimmermann, 1991) . These methods are dependent on the genotypes and environments under study and may not be informative if the linearity fails (Crossa, 1990) .
The additive nature of the common analysis of variance (ANOVA) allows for an adequate description of the main effects (genotypic and environmental effects). However, the GE interaction (residue after fitting an additive model for these effects) may not be additive and other techniques are required to identify the existing relationships. The principal components analysis is a statistical procedure that gives a multiplicative model that can be used to diagnose and analyze the interaction, although it is also faulty in the identification of the main significant effects (Shafii and Price, 1998) . In this sense, the Crop Breeding and Applied Biotechnology, v. 3, n. 3, p. 185-192, 2003 AMMI model (Crossa, 1990 ) is a method that combines, in a single model, the estimation of the main effects and multiplicative components for the effects of the GE interaction. More precise genotypeenvironment interaction estimates can be obtained with the AMMI model that makes it easier to interpret the results obtained (Duarte and Vencovsky, 1999) .
The objective of this study was to use the AMMI analysis model to assess the stability of some maize hybrids and verify the influence of a sample of environments in Central Brazil (Goiás, Mato Grosso, Mato Grosso do Sul, Minas Gerais and São Paulo) in the productive performance of these genotypes.
MATERIAL AND METHODS
The experiments were conducted in the 1999/2000 summer growing season in the following locations: Bom Jesus-GO, Chapadão do Sul-MS, Montividiu-GO, Alto Garças MT, Uberlândia-MG, Cristalina-GO, Patos de Minas-MG, Unaí-MG, Casabranca-SP and Iraí de Minas-MG. These locations were chosen to represent the main maize cropping regions in Central Brazil. These are predominantly savannah areas (Cerrado) with altitudes varying from 500 to 1100m.
Thirty-six maize hybrids were assessed, of which thirteen of which were single, nine triple and fourteen double crosses maize hybrids. Thirty-one of these genotypes were experimental hybrids and the others were commercial hybrids, used as controls. A randomized complete block design was used with two replications by location. The plots were two 5 m rows spaced at 0.8 m, totaling 8 m 2 useful area. The stands of the plants in the experiments at Montividiu, Alto Garças, Uberlândia and Patos de Minas were corrected to average stand. The grain yield (kg.ha -1 ) data was assessed and corrected to 13% moisture.
The analysis of variance (ANOVA) was used and the GE interaction was estimated by the AMMI model (Zobel et al., 1988; Duarte and Vencovsky, 1999) . Thus, the mean response of the genotype i in environment j (Y ij ) is modeled by: Y ij = µ + g i +a j + Σλ k γ ik α jk + ρ ij +e ij ; where µ is a common constant to the responses (normally the general mean); g i is the fixed effect of genotype i (i = 1, 2, ..., g); a j is the fixed effects of environment j (j = 1, 2, ..., a); Σλ k γ ik α jk is the fixed significant effect or pattern of the specific interaction of the genotype i with environment j (ga ij ), where λ k is the k-th singular value (scalar), γ ik and α jk are the correspondent elements, associated to λ k , of the singular vectors (rows vector and column vector) of the matrix of interaction estimated by ANOVA. For the same matrix, ρ ij is the non-significant effect or noise of (ga) ij , which is an additional residue, and e ij is the pooled experimental error, assumed independent and e ij ~ N(0, σ 2 ).
In this procedure, the contribution of each genotype and each environment to the GE interaction is assessed by use of the biplot graph display in which yield means are plotted against the scores of the first principal component of the interaction (IPCA1). The computational program for AMMI analyses is supplied by Duarte and Vencovsky (1999) .
RESULTS AND DISCUSSION
By the F (Snedecor) test, applied according to the Gollob (1968) rule, only the first axis of interaction (IPCA1) was significant (1% probability). This led to the selection of the named AMMI1 model, which explained 29.79% of the sum of squares (SS GE ) (Tables 1 and 2 ). The first plus the second axes explained more than half (50.6%) of these sums of squares, but there were no further significant components after fitting the second axis (Table 1) . Therefore, there was no need to further elaborate the model. Table 3 indicate homogeneity for yield of the environments assessed. Table 4 shows the high correlation of the genetic constitution of the hybrids with the yield stability of the three types of hybrids studied. Most of the environments are neutral in the contribution to the interaction. The Uberlândia environment contributed positively, whereas the Patos de Minas environment contributed negatively to the GE interaction. Most of the genotypes also presented low contributions to interaction (Table 4) .
The results in
Most of the genotypes presented a stability performance similar to what was expected, since they form the same genetic group (Figure 1) . The control hybrids (G32 to G36) also presented similar performances in the environments used, which can be affirmed by the proximity of their points in Figure  1 . One of the objectives of the seed producing companies has been to release hybrids with wide geographic adaptation that have yield volume and can assure a good average yield, even if the environments Table 1 . Joint analysis of variance including the partitioning of the GxE interaction. Table 2 . Multiplicative partitioning of the sum of squares of the GE interaction by the AMMI model analysis Table 3 . Results of the mean yield of the environments and their respective scores on the first singular axis of GE interaction (IPCA1) by the AMMI model method.
to be cropped are very heterogeneous. This is because the hybrids are exhaustively tested in their precommercial stages in several environments/years.
When the effect of the genotype-environment interaction was analyzed in the phenotypic responses, it was observed, for example, that G3 hybrid in Casa Branca (A9) produced 6636.82 kg.ha -1 (Table 5) . In this case, the expected yield was determined basically by the main effects, 6637.30 kg.ha -1 (Table 6) , because the term of the specific interaction, -0.48 kg.ha -1 (Table 7) , is practically nihil. It could be affirmed that the performance of this hybrid was maintained in the other environments, characterizing it as a highly stable genotype.
The G17 hybrid presented good adaptation to the Uberlândia environment (A5). Its specific interaction, 5074.92 kg.ha -1 (Table 7) , was the highest magnitude in this environment. Its predicted yield was 14682.97 kg.ha -1 (Table 5) , that is, 9608.05 kg.ha -1 (Table 6) (Table 7) , which influences a reduction in the final yield of the genotype to that environment (Table 5) .
Genotypes G3, G16, G25, G28, G30, G33, and G35 had a small contribution to the GE interaction while genotypes G1, G2, G10, G17, G234 and G36 contributed a lot to the GE interaction captured by the first axis IPCA1 (Table 3 ). The Unaí (A8) and Casa Branca (A9) environments also had small contributed to the interaction and the Uberlandia (A5), Patos de Minas (A7) and Iraí de Minas (A10) environments contributed most (Table 3 and 7, Figure 1 ).
Considering all the genotypes, the greatest yield was observed in Alto Garças (A4) with a mean of 11353.99 kg.ha
, where all the genotypes produced over 10000.00 kg.ha -1 (Tables 4 and 5 ). On the other hand, the Iraí de Minas environment (A10) gave a lower mean yield 4666.69 kg.ha -1 , where the genotypes did not produce more than 7115.00kg.ha -1 (Tables 4 and 5 ).
When the genotypes and environments were classified in the four groups, as proposed by Avarez and Eyherabide (1996) (Table 8 and Figure 1 ), the genotypes with greater stability and high and low mean yields were grouped in sectors 1 and 2, respectively. In sectors 3 and 4 are the genotypes with lower stability and with greater and lesser yields, respectively. Thus we concluded that most of the single crosses fall in sector 1 and that 84% of these hybrids are distributed in sectors 1 and 2, presenting therefore, high mean yields and good stability. On the other hand, the double crosses hybrids were concentrated in sector 2, also showing good stability but a lower mean yield.
CONCLUSIONS
The results indicate homogeneity of the environments assessed and a high relationship of the yield stability with genetic constitution of the hybrids (single, triple and double crosses hybrids). The first two AMMI axes explained more than half (50.60%) of the original genotype-environment interaction. Most of the environments were neutral in the interaction contribution. The Uberlândia environment contributed positively, while the Patos de Minas environment contribeted negatively to the GE interaction. Most of the genotypes presented low contribution to interaction, although the single crosses presented greater mean yield, and the double hybrids showed greater yield stability for the environments studied.
RESUMO
Interação genótipo-ambiente em híbridos de milho: uma aplicação do modelo ammi A interação genótipo x ambiente geralmente é constatada quando um mesmo genótipo é avaliado em vários ambientes, influenciando decisivamente na recomendação de cultivares. Híbridos de milho que tenham somente adaptação a determinados ambientes podem se tornar limitantes para a produção de 
